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© An apparatus for use in retaining a longitudinally 
extending member in position relative to a spinal 
column includes a top-entry hook assembly (20) 
having a hook portion (22,28) which is engageable 
with a spinal column. A body (26) extending upwar- 
dly from the hook portion and has an open ended 
recess (32) which extends through the body and is 
open along one side to enable a rod or longitudinal 
member to be moved into the recess through the 
open side. An end cap (24) is engageable with the 
body to close the upper side opening. A clamp 
member or set screw (60) is disposed at the center 
of the end cap to clamp the rod in the recess in the 
body. The end cap and body are interconnectable 
by different types of connectors including a bayonet 
connector, a linear cam connector, or a threaded 
connector. 
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Background of the Invention 

The present invention relates to an implant 
which engages a spinal column to hold a longitudi- 
nal member or rod in position relative to the spinal 
column. 

Spinal implants have been used in treatment of 
patients with deformed and/or mechanically insuffi- 
cient spinal columns. Longitudinal members or 
rods have been contoured to a desired configura- 
tion and connected with a spina! column. Among 
the various devices used to connect a rod with a 
spinal column have been hooks having through 
openings which receive the rod. While the hook is 
loose on the rod, a blade or free end of the hook is 
moved into engagement with the spinal column. 
Once the hook has been positioned relative to the 
spinal column, a set screw or clamp member is 
tightened to securely interconnect the hook and the 
rod. 

In the past, difficulties have been encountered 
in positioning the hook and rod relative to the 
spinal column. If the hook is placed on the rod 
before being connected with the spinal column, the 
rod tends to interfere with placement of the hook 
relative to the spina! column. If the hook is con- 
nected with the spinal column before being posi- 
tioned on the rod, difficulty may be encountered in 
moving the rod through an opening in the hook 
without disturbing the placement of the hook rela- 
tive to the spinal column. 

The concept of providing a top-entry opening 
in a hook to receive a rod without sliding the hook 
along the rod is disclosed in U.S. Patent No. 
4,269,178 issued May 26, 1981 and entitled "Hook 
Assembly For Engaging A Spinal Column". This 
patent teaches that the hook is to be held in place 
by the use of a sleeve and a locking nut. The 
locking nut engages external threads on the rod 
and must be threaded along the rod to a position 
where the hook is to be located. In addition, the 
sleeve must be positioned on the rod adjacent to 
the locking nut. 

Summary of the Invention 

The present invention provides an apparatus 
for use in retaining a longitudinally extending mem- 
ber in position relative to a spinal column. The 
apparatus includes a top-entry hook assembly 
which can be positioned relative to a longitudinal 
member or rod without moving the hook assembly 
along the rod and/or moving another article, such 
as a locknut or sleeve, along the rod. The hook 
assembly includes a body having an open ended 
recess which extends through the body and is 
open at both ends and along one side to enable 
the rod to be moved into the recess. A hook 



extends from a side of the body opposite from the 
side opening through which the rod is inserted into 
the recess. The hook is engageable with a spinal 
column. Once the hook has engaged the spinal 

5 column and the rod has been inserted into the 
recess, an end cap is connected with the body to 
block the side opening through which the rod was 
moved into the recess. A clamp member is dis- 
posed in the center of the end cap to clamp the 

70 rod against the bottom of the recess in the body. 

One embodiment of the end cap includes a 
bayonet connector which is readily engaged under 
adverse conditions which may be encountered dur- 
ing an implant procedure. The bayonet connector 

15 includes flanges disposed on an upper end of the 
body and mating flanges disposed on the end cap. 
When the end cap and body are to be intercon- 
nected, the end cap is telescoped over the flanges 
on the body and then rotated to engage the flanges 

20 on the body with the flanges on the end cap. 

Another connector for interconnecting the end 
cap and body includes linear flanges on the body 
which engage linear flanges on the end cap. The 
linear flanges on either the body or end cap have 

25 cam surfaces which interact with other flange sur- 
faces to hold the end cap in place. In another 
embodiment of the top-entry hook assembly, the 
body is provided with an external thread convolu- 
tion which is engaged by an interna! thread con- 

30 volution on the end cap. 

In another embodiment of the top-entry hook 
assembly the end cap is internal to the recess. 
Linear flanges on the end cap engage linear 
flanges on the body. A lock nut and set screw hold 

36 the end cap in position relative to the body. 

In another embodiment of the top-entry hook 
assembly the end cap is provided with an alter- 
native bayonet connector. Flanges disposed on an 
upper end of the body mate with flanges disposed 

40 on the end cap. The flanges on the end cap extend 
into a groove formed in the body just below the 
flanges on the body. When the end cap and the 
body are to be interconnected, the end cap is 
telescoped over the flanges on the body and rotat- 
es ed to engage the flanges on the body with the 
flanges on the end cap. 

Brief Description of the Drawings 

so The foregoing and other features of the inven- 

tion will become more apparent upon a consider- 
ation of the following description taken in connec- 
tion with the accompanying drawings, wherein: 
Fig. 1 is an exploded illustration of a top-entry 
55 hook assembly constructed in accordance with 
the present invention; 

Fig. 2 is a pictorial illustration depicting the 
manner in which a hook portion of the top-entry 
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hook assembly of Fig. 1 is positioned relative to 
a spinal column, an end cap of the hook assem- 
bly having been removed; 
Fig. 3 is an illustration, generally similar to Fig. 

2, depicting the manner in which a longitudinal s 
member or rod is placed in a recess in the hook 
portion after the hook portion has been posi- 
tioned relative to the spinal column; 

Fig. 4 is an illustration, generally similar to Fig. 

3, of the top entry hook assembly with the end 10 
cap in place; 

Fig. 5 is a front elevational view of the hook 
portion of the top-entry hook assembly of Fig. 1 
and illustrating the relationship between a pair of 
connector flanges and an open ended recess in is 
a body portion of the hook assembly; 
Fig. 6 is a side elevational view, taken generally 
along the line 6-6 of Fig. 5, further illustrating 
the construction of the hook portion; 
Fig. 7 is a top plan view, taken generally along 20 
the line 7-7 of Fig. 5, illustrating the configura- 
tion of a side opening through which a longitudi- 
nal member or rod is inserted into a recess in 
the body portion of the top-entry hook assem- 
bly; 25 
Fig. 8 is a pictorial illustration of an end cap of 
the top entry hook assembly of Fig. 1, the lower 
side of the end cap facing upwardly to expose a 
pair of connector flanges; 

Fig. 9 is a bottom plan view, taken generally 30 
along the line 9-9 of Fig. 8, illustrating the rela- 
tionship of a clamp member or set screw to the 
flanges on the end cap; 

Fig. 10 is a sectional view, taken generally along 

the line 10-10 of Fig. 9, further illustrating the 35 

construction of the end cap; 

Fig. 11 is a front elevational view, generally 

similar to Fig. 5, of a hook portion of a second 

embodiment of the top-entry hook assembly; 

Fig. 12 is a side elevational view, taken gen- 40 

erally along the line 12-12 of Fig. 11, further 

illustrating the construction of a hook portion of 

the top-entry assembly; 

Fig. 13 is a front elevational view of an end cap 
which is connected with the hook portion of Fig. 45 
11 to close an opening in the upper side of a 
recess in the top-entry hook assembly; 
Fig. 14 is a side elevational view, taken gen- 
erally along the line 14-14 of Fig. 13, further 
illustrating the construction of the end cap; 50 
Fig. 15 is a front elevational view, generally 
similar to Fig. 5, of an externally threaded hook 
portion of a third embodiment of the top-entry 
hook assembly; 

Fig. 16 is a side elevational view, taken gen- 55 
erally along the line 16-16 of Fig. 15 further 
illustrating the construction of the hook portion 
of the top-entry hook assembly; and 



Fig. 17 is a sectional view of an internally 
threaded end cap used with the hook portion of 
Figs. 15 and 16; 

Fig. 18 is an exploded illustration, generally 
similar to Fig. 1, of a hook assembly of a fourth 
embodiment; 

Fig. 19 is a top plan view of the hook portion of 

Fig. 18 illustrating the configuration of a side 

opening of the top-entry hook assembly; 

Fig. 20 is a front elevational view, generally 

similar to Fig. 5, of a hook portion of a fifth 

embodiment of the top-entry assembly; 

Fig. 21 is an exploded view of an end cap which 

is connected with the hook portion of Fig. 20; 

Fig. 22 is a front elevational view showing the 

end cap of Fig. 21 connected with the hook 

portion of Fig. 20; 

Fig. 23 is a front elevational view, generally 
similar to Fig. 5, of a hook portion of a sixth 
embodiment of the top-entry hook assembly; 
Fig. 24 is a side elevational view, taken gen- 
erally along the line 24-24 of Fig. 23, further 
illustrating the construction of a hook portion of 
the top-entry hook assembly; 
Fig. 25 is a pictorial illustration, generally similar 
to Fig. 8, of an end cap which is connected with 
the hook portion of Fig. 23, the lower side of the 
end cap facing upwardly to expose a pair of 
connector flanges; and 

Fig. 26 is a bottom plan view taken generally 
along the line 26-26 of Fig. 25. 

Description of Specific Preferred Embodi- 
ments of the Invention ~ 

General Description 

A top-entry hook assembly 20 constructed in 
accordance with the present invention is illustrated 
in Fig. 1. The top-entry hook assembly 20 includes 
a one-piece, metal, hook portion 22 and a metal 
end cap 24. The hook portion 22 includes a gen- 
erally rectangular body 26 and a downwardly ex- 
tending hook 28. 

The body 26 of the hook portion 22 has an 
open ended recess 32 which extends through the 
body and is open at opposite ends of the body to 
receive a rod or longitudinal member. The hook 28 
includes a shank portion 34 and free end or blade 
portion 36 which are engageable with an element 
of a spinal column to interconnect the spinal col- 
umn and a rod extending through the open ended 
recess 32. 

The recess 32 has a first larger radius R1 (Fig. 
5) and a second smaller radius R2. The radius R2 
forms a pair of axially spaced arcuate surfaces 130 
(Fig. 7). The pair of axially spaced arcuate surfaces 
130 engage portions of the rod at axially spaced 
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locations. Reference is hereby made to U.S. Patent 
No. 5,024,213 to Asher et ai. and assigned to the 
same assignee as the present invention. U.S. Pat- 
ent No. 5,024,213 describes the arcuate surfaces 
and their function in greater detail. 

In accordance with one of the features of the 
present invention, the end cap 24 (Fig. 1) is remov- 
able from the hook portion 22. When the end cap 
24 is removed from the hook portion 22, a rectan- 
gular upper side opening 40 to the recess 32 is 
exposed. A rod or other longitudinal member can 
be readily inserted through the upper side opening 
40 into the recess 32. 

The hook portion 22 may be mounted on a 
spinal column 44 by interlaminar placement of the 
hook 28 as shown in Fig. 2. However, the hook 28 
could also have supralaminar, infratransverse or 
supratransverse placement relative to the spinal 
column 44 if desired. 

Once the hook portion 22 of the hook assembly 
20 has been connected with the spinal column 44 
as shown in Fig. 2, a rod or longitudinal member 
48 may be placed in the recess 32 (Fig. 3). The 
cylindrical rod 48 is placed in the recess 32 by 
moving the rod downwardly through the open up- 
per side 40 of the recess. When the rod 48 has 
been positioned in the recess 32, the rod extends 
through generally U-shaped end openings 52 and 
54 (Figs. 1 and 3) disposed at opposite sides of the 
body 26. When the rod 48 is placed in the recess 
32, a longitudinal centra! axis 58 of the rod extends 
generally parallel to the free end or blade portion 
36 of the hook 28. The rod 48 is shown in Figs. 3 
and 4 as straight but would normally be curved to a 
desired configuration. If desired, devices other than 
the hook 28 may be used to connect the body 26 
with the spinal column 44. 

Once the rod 48 has been placed in the open 
ended recess 32, the end cap 24 is connected with 
the hook portion 22 (Fig. 4). The end cap 24 blocks 
the upper side opening 40 of the recess 22 while 
enabling the rod 48 to extend through the end 
openings 52 and 54 (Fig. 3) of the recess 32. Once 
the end cap 24 has been connected with the hook 
portion 22 of the hook assembly 20, a clamp mem- 
ber or set screw 60 (Figs. 1 and 4) is tightened to 
interconnect the rod 48 and hook assembly. The 
recess 32 has a vertical dimension as viewed in 
Fig. 5 such that the rod 48 can be moved vertically 
in the recess prior to the set screw 60 being 
tightened. 

The clamp member or set screw 60 is located 
at the center of the end cap 24. The set screw 60 
has a vertical (as viewed in Fig. 1) central axis 62 
which intersects the horizontal (as viewed in Fig. 4) 
longitudinal central axis 58 of the rod 48. The set 
screw 60 presses the rod 48 against the arcuate 
surfaces 130 to clamp the rod against movement 



relative to the hook assembly 20. In addition to 
pressing the rod 48 against the arcuate surfaces 
130, the set screw 60 applies an upwardly directed 
force against the end cap 24 to retain the end cap 

5 against disengagement from the hook portion 22. 

Since the end cap 24 is disengageable from 
the hook portion 22 of the hook assembly 20, the 
rod 48 can be readily inserted into the recess 32 
through the upper side opening 40. This enables 

70 the rod 48 and hook assembly 20 to be positioned 
relative to each other without sliding the hook as- 
sembly along the rod or moving the rod axially 
through the hook assembly. By mounting the 
clamp member or set screw 60 in the end cap 24, 

15 it is not necessary to provide a clamp member 
which is separate from the hook assembly 20 and 
which must be positioned along the rod 48. 

Hook Assembly - Bayonet Connector 

20 

In the embodiment of the hook assembly 20 
illustrated in Figs. 1 through 10, a bayonet connec- 
tor 64 (Fig. 1) is used to interconnect the end cap 
24 and hook portion 22 of the hook assembly 20. 

25 The bayonet connector 64 has components which 
are readily positioned relative to each other by a 
surgeon during an operation. The bayonet connec- 
tor 64 is held in an engaged condition by force 
transmitted between the set screw 60 and the rod 

30 48 when the top-entry hook assembly 20 is posi- 
tioned relative to the spinal column 44 and con- 
nected with the rod. 

The bayonet connector 64 includes a pair of 
flanges 68 and 70 (Figs. 1, 5, 6 and 7) disposed at 

35 the upper end of the body 26. When the end cap 
24 is connected with the hook portion 22, the 
flanges 68 and 70 are enclosed by the end cap 
and engage flanges 74 and 76 (Figs. 8-10) formed 
on the end cap 24. When the end cap 24 is 

40 connected with the hook portion 22, flat bottom 
surfaces 80 and 82 on the hook portion flanges 68 
and 70 engage flat inwardly facing surfaces on the 
flanges 74 and 76 on the end cap 24. 

Thus, when the end cap 24 is connected with 

45 the hook portion 22, the flat lower side surface 80 
on the hook flange 68 (Fig. 5) abuttingly engages a 
flat inner side surface 86 (Figs. 8 and 10) on the 
end cap flange 74. Similarly, the flat lower side 
surface 82 on the hook flange 70 abuttingly en- 

so gages a flat inner side surface (not shown) on the 
end cap flange 76. Abutting engagement between 
the flanges 68 and 70 on the hook portion 22 and 
the flanges 74 and 76 on the end cap 24 hold the 
end cap on the hook portion 22. The end cap 24 

55 extends across the open upper side 40 (Fig. 5) of 
the recess 32 to close the recess. 

After the rod 48 has been inserted through the 
open upper side 40 of the recess 32, the end cap 
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24 is connected with the hook portion 22. This is 
accomplished by positioning the end cap 24 in 
axial alignment with the hook portion 22 with the 
flanges 74 and 76 facing downwardly toward the 
flanges 68 and 70 on the hook portion 22. A 
transverse opening 90 (Figs. 8 and 9) between the 
flanges 74 and 76 on the end cap 24 is aligned 
with the flanges 68 and 70 (Fig. 7) on the upper 
end of the hook portion 22. At this time, the flanges 
68 and 70 on the hook portion 22 are offset by 90 " 
from the flanges 74 and 76 on the end cap 24. 

The end cap 24 is then moved downwardly so 
that the flanges 68 and 70 on the hook portion 22 
are received in the opening 90. Flat upper side 
surfaces 94 and 96 (Figs. 5 and 7) on the hook 
portion flanges 68 and 70 are disposed in abutting 
engagement with a flat circular inner side surface 
98 (Fig. 9) disposed on the end cap 24. A plurality 
of retainer or positioning walls 102, 104, 106 and 
108 (Figs. 8-10) engage the flanges 68 and 70 on 
the hook portion 22 to hold the end cap 24 in axial 
alignment with the hook portion 22. 

The end cap 24 is then rotated through 90* 
relative to the hook portion 22. After the end cap 
has been rotated through 90 * , a stop surface 1 1 4 
(Fig. 9) formed in the end cap 24 abuttingly en- 
gages one of the flanges 68 and 70 on the hook 
portion 22. The stop surface 114 blocks further 
rotation of the end cap 24 relative to the hook 
portion 22. 

When the end cap 24 has been rotated through 
90 9 relative to the hook portion 22, one of the hook 
portion flanges 68 and 70 engage the stop surface 
114. The flat upper side surfaces 94 and 96 (Fig. 5) 
on the hook portion flanges 68 and 70 are disposed 
in abutting engagement with the flat annular end 
surface 98 on a base portion 122 (Fig. 10) of the 
end cap 24. The flat under or lower (as viewed in 
Figs. 5 and 6) side surface 82 of the hook flange 
70 will be disposed in abutting engagement with 
the flat inner side surface 86 (Figs. 8 and 10) on 
the end cap 24. Similarly, the flat lower side sur- 
face 80 (Fig. 5) on the hook flange 68 will be 
disposed in abutting engagement with an inner side 
surface of the end cap flange 76 (Figs. 8 and 9). 

Abutting engagement between the hook portion 
flanges 68 and 70 and end cap flanges 74 and 76 
block axial movement of the end cap 24 relative to 
the hook portion 22. The inner side surfaces on the 
end cap flanges 74 and 76 extend parallel to the 
annular end surface 98 of the base 122. For exam- 
ple, the inner side surface 86 (Fig. 10) on the 
flange 74 is parallel to the end surface 98 of the 
base 122. A corresponding surface on the end cap 
flange 76 (Fig. 9) is also parallel to the base 
surface 98 on the end cap. 

Similarly, the upper and lower side surfaces on 
the hook portion flanges 68 and 70 extend parallel 



to each other (Fig. 5). Thus, the lower surfaces 80 
and 82 extend parallel to the upper surfaces 94 
and 96 of the flanges 68 and 70. Therefore, the 
flanges 68 and 70 on the hook portion 22 and the 

s flanges 74 and 76 (Figs. 8 and 9) on the end cap 
24 cooperate with each other in such a manner as 
to permit rotational movement of the end cap rela- 
tive to the hook portion. 

The clamp member or set screw 60 is received 

io in a threaded opening 124 (Fig. 10) formed in the 
center of the base 1 22 of the end cap 24. The set 
screw or clamp member 24 has a central axis 62 
which extends perpendicular to and intersects the 
centra! axis 58 (Fig. 4) of the rod 48 when the rod 

75 48 is disposed in the open ended recess 32 (Fig. 
3) and the end cap 20 is connected with the hook 
portion 22. 

When the set screw 60 is tightened or turned 
in the threaded opening 124, a leading end surface 

20 126 (Fig. 10) on the set screw moves into abutting 
engagement with the rod 48 to press the rod 
against the arcuate bottom portion (Fig. 5) of the 
open ended recess 32. The force applied against 
the rod 48 by the set screw 60 presses the flanges 

25 74 and 76 (Fig. 9) on the end cap 24 firmly against 
the flanges 68 and 70 (Fig. 5) on the hook portion 
22 to hold the end cap against rotation relative to 
the hook portion. 

If the rod 48 has a relatively small cross sec- 

30 tion the recess 32 (Figs. 18 and 19) of the hook 
portion 22 includes vertical slots 140 in the sides of 
the upper side opening 40. The set screw 60 
extends into the vertical slots 140 when the end 
cap 24 is connected with the hook portion 22. 

35 

Hook Assembly - Linear Cam Connector 

In the embodiment of the invention illustrated 
in Figs. 1-10, the end cap 24 is connected with the 

40 hook portion 22 by a bayonet connector 64. In the 
embodiment of the invention illustrated in Figs. 11- 
14, the end cap and hook portion are intercon- 
nected by linear flange surfaces. Since the embodi- 
ment of the invention illustrated in Figs. 11-14 is 

45 generally similar to the embodiment of the inven- 
tion illustrated in Figs. 1-10, similar numerals will 
be utilized to designate similar components, the 
suffix letter "a" being associated with the numerals 
of Figs. 11-14 to avoid confusion. 

so The hook portion 22a of this embodiment of 

the top-entry hook assembly has a pair of rectan- 
gular flanges 68a and 70a (Figs. 11 and 12). The 
flanges 68a and 70a extend parallel to each other 
and have a generally uniform cross section 

55 throughout their length. The flanges 68a and 70a 
are disposed at the upper end of a generally rec- 
tangular body 26a. A hook 28a is integrally formed 
with and extends downwardly from the body 26a 
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and has a shank portion 34a and a free end or 
blade portion 36a. 

An open ended recess 32a is formed in the 
body 26a of the hook portion 22a. The open ended 
recess 32a has an open upper side 40a, a gen- 
erally U-shaped end opening 52a and a second 
end opening corresponding to the end opening 54 
(Fig. 1) of the hook portion 22. 

The end cap 24a (Figs. 13 and 14) has a pair 
of linear flanges 74a and 76a which extend down- 
wardly from a base portion 122a of the end cap. 
The base portion 122a has a flat rectangular lower 
side surface 98a. The side surface 98a of the base 
122a engages rectangular upper side surfaces 94a 
and 96a (Fig. 11) on the hook portion flanges 68a 
and 70a. 

The lower side surface 98a of the end cap 
base 122a is skewed downwardly slightly. There- 
fore, the distance between the lower side surface 
98a and rectangular upper side surfaces of the end 
cap flanges 74a and 76a decreases along the 
length of the linear flanges. When the end cap 24a 
is moved along a linear path onto the hook portion 
22a, the upper side surface 98a forms a cam which 
presses against the upper side surfaces 94a and 
96a (Fig. 11) of the hook portion flanges 68a and 
70a to grip the hook portion flanges with the 
flanges 74a and 76a on the end cap 24a. This 
camming feature is optional and could be elimi- 
nated. 

Once the end cap 24a has been positioned on 
the hook portion 22a, a clamp member or set 
screw 60a is rotated to apply force against the rod 
disposed in the open ended recess 32a to press 
the rod against the bottom of the recess. In addi- 
tion, the force applied against the rod by the set 
screw 60a results in the end cap flanges 74a and 
76a being pulled upwardly against the hook portion 
flanges 68a and 70a to hold the end cap against 
movement relative to the hook portion 22a. The set 
screw 60a is disposed at the center of the end cap 
24a. 

Hook Assembly - Threaded Connector 

In the embodiments of the invention illustrated 
in Figs. 1-10 and 11-14 flanges on the end caps 
cooperate with flanges on the hook portions to 
interconnect the end caps and hook portions. In the 
embodiment of the invention illustrated in Figs. 16- 
17, a threaded connection is provided between the 
end cap and hook portion. Since the embodiment 
of the invention illustrated in Figs. 15-17 is gen- 
erally similar to the embodiment of the invention 
illustrated in Figs. 1-10, similar numerals will be 
utilized to designate similar components, the suffix 
letter "b" being added to the numerals of Figs. 15- 
17 to avoid confusion. 



The top entry hook assembly of Figs. 15-17 
includes a hook portion 22b (Figs. 15 and 16) 
having a generally rectangular body 26b with a 
hook 28b extending downwardly from the body. 

5 The hook 28b has a shank 34b with a free end or 
blade portion 36b. 

The body 26b of the hook portion 22b includes 
an open ended recess 32b (Fig. 15). The open 
ended recess 32b has an open upper side 40b. In 

70 addition, the recess has an open end 52b and an 
open end opposite from the end 52b and cor- 
responding to the open end 54 of the recess 32 in 
the hook portion 22 of Fig. 1. A rod 48 can be 
inserted through the open upper side 40b of the 

15 recess 32b. 

In accordance with a feature of this embodi- 
ment of the invention, an external thread convolu- 
tion 132 is formed on the upper end of the body 
26b. The end cap 24b (Fig. 17) has an internal 

20 thread convolution 134 which is engageable with 
the external thread convolution 132 to interconnect 
the end cap and the hook portion 22b. 

Although the engagement of the internal 
threads on the end cap 24b with the external 

25 threads 132 on the body 26b will interconnect the 
end cap and body, there will be a clearance be- 
tween the rod 48 and the end cap. Therefore, a 
clamp member or set screw 60b is provided in the 
center of the end cap 24b to clamp the rod se- 

30 curely in position relative to the hook 22b. When 
the set screw 60b is rotated to move into engage- 
ment with the rod, force is transmitted through the 
set screw to the end cap 24b. This force is trans- 
mitted to the threads 132 and 134 to hold them 

35 against relative rotation and to securely clamp the 
rod in place in the recess 32b. 

Hook Assembly - Internal Cap Connector 

40 In the embodiment of the invention illustrated 

in Figs. 1-10, the end cap 24 is external to the 
recess 32 in the hook portion 22. In the embodi- 
ment of the invention illustrated in Figs. 20-22, the 
end cap is internally connected to the hook portion. 

45 Since the embodiment of the invention illustrated in 
Figs. 20-22 is generally similar to the embodiment 
of the invention illustrated in Figs. 1-10, similar 
numerals will be utilized to designate similar com- 
ponents, the suffix letter "c" being associated with 

so the numerals of Figs. 20-22 to avoid confusion. 

The hook portion 22c of this embodiment of 
the top-entry hook assembly has a pair of flanges 
68c and 70c (Figs. 20 and 22). The flanges 68c 
and 70c extend parallel to each other. The flanges 

55 68c and 70c are disposed at the upper end of a 
generally rectangular body 26c. A hook 28c is 
integrally formed with and extends downwardly 
from the body 26c and has a shank portion 34c 
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and a free end or blade portion 36c. 

An open ended recess 32c is formed in the 
body 26c of the hook portion 22c. The open ended 
recess 32c has an open upper side 40c, an end 
opening 52c and a second end opening corre- 
sponding to the end opening 54 (Fig. 1) of the hook 
portion 22. 

The end cap 24c (Fig. 21) has a pair of linear 
flanges 74c and 76c which extend outwardly from a 
base portion 122c of the end cap. When the end 
cap 24c is moved along a linear path onto the hook 
portion 22c, upper side surface 98c of flanges 74c 
and 76c engage lower side surfaces 80c and 82c 
of flanges 68c and 70c (Fig. 22). 

Once the end cap 24c has been positioned on 
the hook portion 22c, a clamp member or set 
screw 60c is rotated to apply force against the rod 
disposed in the open ended recess 32c to press 
the rod against the bottom of the recess. In addi- 
tion, the force applied against the rod by the set 
screw 60c results in the end cap flanges 74c and 
76c being pulled upwardly against the hook portion 
flanges 68c and 70c to hold the end cap against 
movement relative to the hook portion 22c. The set 
screw 60c is disposed at the center of the end cap 
24c. A lock nut 144 threadably engages the set 
screw 60c to clamp the flanges 68c and 70c of the 
body portion 26c between the lock nut and the 
flanges 74c and 76c of the end cap 24c to further 
hold the end cap against movement relative to the 
hook portion 22c. 

As shown in Figs. 21 and 22 the lower surface 
of the base portion 122c is concave to fit the rod. 
This concave surface also enables the cap to easi- 
ly slide along the rod to easily engage into the 
hook. 

Hook Assembly - Alternate Bayonet Connector 

In the embodiment of the invention illustrated 
in Figs. 1-10, the end cap 24 includes retainer 
walls 102, 104, 106 and 108. In the embodiment of 
the invention illustrated in Figs. 23-26, the end cap 
does not include retainer walls. Since the embodi- 
ment of the invention illustrated in Figs. 23-26 is 
generally similar to the embodiment of the inven- 
tion illustrated in Figs. 1-10, similar numerals will 
be utilized to designate similar components, the 
suffix letter "d" being associated with the numerals 
of Figs. 23-26 to avoid confusion. 

The body 26d (Figs. 23-24) of the hook portion 
22d has an open ended recess 32d which extends 
through the body and is open at opposite ends of 
the body to receive a rod or longitudinal member. 
The hook 28d includes a shank portion 34d and 
free end or blade portion 36d which are engagea- 
ble with an element of a spina! column to intercon- 
nect the spinal column and a rod extending through 



the open ended recess 32d. 

In accordance with one of the features of the 
present invention, the end cap 24d (Figs. 25-26) is 
removable from the hook portion 22d. When the 

s end cap 24d is removed from the hook portion 22d, 
a rectangular upper side opening 40d (Fig. 23) to 
the recess 32d is exposed. A rod or other longitudi- 
nal member can be readily inserted through the 
upper side opening 40d into the recess 32d. When 

io the rod has been positioned in the recess 32d, the 
rod extends through a generally U-shaped end 
openings 52d and a second end opening corre- 
sponding to the end opening 54 (Fig. 1) of the hook 
portion 22. 

is Once the rod has been placed in the open 

ended recess 32d, the end cap 24d is connected 
with the hook portion 22d. The end cap 24d blocks 
the upper side opening 40d of the recess 32d while 
enabling the rod to extend through the end open- 

20 ings of the recess 32d. Once the end cap 24d has 
been connected with the hook portion 22d, a clamp 
member or set screw 60d (Figs. 25 and 26) is 
tightened to interconnect the rod and hook assem- 
bly. 

25 The clamp member or set screw 60d is located 

at the center of the end cap 24d. The set screw 
60d presses the rod against the bottom of the 
recess 32d to clamp the rod against movement 
relative to the hook assembly 20d. In addition to 

30 pressing the rod against the bottom of the recess 
32d, the set screw 60d applies an upwardly di- 
rected force against the end cap 24d to retain the 
end cap against disengagement from the hook 
portion 22d. 

35 The body 26d (Figs. 23 and 24) of the hook 

portion 22d includes a pair of flanges 68d and 70d 
disposed at the upper end of the body. When the 
end cap 24d is connected with the hook portion 
22d, the flanges 68d and 70d are enclosed by the 

40 end cap and engage flanges 74d and 76d (Figs. 25 
and 26) formed on the end cap 24d. When the end 
cap 24d is connected with the hook portion 22d, 
the flanges 74d and 76d on the end cap 24d 
engage in a groove 150 (Figs. 23 and 24) in the 

45 body 26d. The groove 150 extends entirely around 
the body 26d. 

When the end cap 24d is connected with the 
hook portion 22d, the flat lower side surface 80d on 
the hook flange 68d (Fig. 23) abuttingly engages a 

so fiat inner side surface 86d (Fig. 25) on the end cap 
flange 74d. Similarly, the flat lower side surface 
82d (Fig. 23) on the hook flange 70d abuttingly 
engages a flat inner side surface (not shown) on 
the end cap flange 76d. Abutting engagement be- 

55 tween the flanges 68d and 70d on the hook portion 
22d and the flanges 74d and 76d on the end cap 
24d hold the end cap on the hook portion 22d. The 
end cap 24d extends across the open upper side 
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40d of the recess 32d to close the recess. 

After the rod has been inserted through the 
open upper side 40d of the recess 32d, the end 
cap 24d is connected with the hook portion 22d. 
This is accomplished by positioning the end cap 
24d in axial alignment with the hook portion 22d 
with the flanges 74d and 76d facing downwardly 
toward the flanges 68d and 70d on the hook por- 
tion 22d. A transverse opening 90d (Fig. 25) be- 
tween the flanges 74d and 76d on the end cap 24d 
is aligned with the flanges 68d and 70d (Fig. 23) on 
the upper end of the hook portion 22d. At this time, 
the flanges 68d and 70d on the hook portion 22d 
are offset by 90 " from the flanges 74d and 76d on 
the end cap 24d. 

The end cap 24d is then moved downwardly so 
that the flanges 68d and 70d on the hook portion 
22d are received in the opening 90d. Flat upper 
side surfaces 94d and 96d (Fig. 23) on the hook 
portion flanges 68d and 70d are disposed in abut- 
ting engagement with a fiat inner side surface 98d 
(Figs. 25 and 26) disposed on the end cap 24d. 

The end cap 24d is then rotated through 90* 
relative to the hook portion 22d. When the end cap 
24d has been rotated through 90° relative to the 
hook portion 22d, the end cap flanges 74d and 76d 
engage in the groove 150. The fiat upper side 
surfaces 94d and 96d (Fig. 23) on the hook portion 
flanges 68d and 70d are disposed in abutting en- 
gagement with the flat end surface 98d on a base 
portion 122d (Fig. 25) of the end cap 24d. The flat 
under or lower (as viewed in Fig. 23) side surface 
82d of the hook flange 70d will be disposed in 
abutting engagement with the flat inner side sur- 
face 86d (Fig. 25) on the end cap 24d. Similarly, 
the flat lower side surface 80 (Fig. 23) on the hook 
flange 68d will be disposed in abutting engagement 
with an inner side surface of the end cap flange 
76d. 

When the set screw 60d is tightened, a leading 
end surface 126d (Figs. 25 and 26) on the set 
screw moves into abutting engagement with the 
rod to press the rod against the bottom portion of 
the open ended recess 32d (Fig. 23). The force 
applied against the rod by the set screw 60d 
presses the flanges 74d and 76d (Fig. 25) on the 
end cap 24d firmly against the flanges 68d and 
70d (Fig. 23) on the hook portion 22d to hold the 
end cap against rotation relative to the hook por- 
tion. While the hook of Fig. 23 has been described 
above for use with the cap of Fig. 25, the hook of 
Fig. 23 could also be used with the cap of Fig. 8 if 
the parts are properly dimensioned. 

Conclusion 

In view of the foregoing description, it is appar- 
ent that the present invention provides an appara- 



tus for use in retaining a longitudinally extending 
member 48 in position relative to a spinal column 
44. The apparatus includes a top-entry hook as- 
sembly 20 which can be positioned relative to the 

5 longitudinal member or rod 48 without moving the 
hook assembly 20 along the rod and/or moving 
another article, such as a locknut or sleeve, along 
the rod. The hook assembly 20 includes a body 26 
having an open ended recess 32 which extends 

70 through the body and is open at both ends 52 and 
54 and along one side 40 to enable the rod 48 to 
be moved into the recess. A hook 28 extends from 
a side of the body 26 opposite from the side 
opening 40 through which the rod is inserted into 

15 the recess 32. The hook 28 is engageable with a 
spinal column 44. Once the hook 28 has engaged 
the spinal column 44 and the rod 48 inserted into 
the recess 32, an end cap 24 is connected with the 
body 26 to block the side opening 40 through 

20 which the rod 48 was moved into the recess. A 
clamp member 60 is disposed in the center of the 
end cap 24 to clamp the rod 48 against the bottom 
of the recess 32 in the body 26. 

One embodiment of the end cap includes a 

25 bayonet connector 64 which is readily engaged 
under adverse conditions which may be encoun- 
tered during an implant procedure. The bayonet 
connector 64 includes flanges 68 and 70 disposed 
on an upper end of the body 26 and mating flanges 

30 74 and 76 disposed on the end cap 24. When the 
end cap 24 and body 26 are to be interconnected, 
the end cap is telescoped over the flanges 68 and 
70 on the body 26 and then rotated to engage the 
flanges on the body with the flanges 74 and 76 on 

35 the end cap. 

Another connector (Figs. 11-14) for intercon- 
necting an end cap 24a and body 26a includes 
linear flanges 68a and 70a on the body which 
engage linear flanges 74a and 76a on the end cap. 

40 The linear flanges on either the body 26a or the 
end cap 24a have cam surfaces 98a which interact 
with flange surfaces to hold the end cap 24a in 
place. In another embodiment of the top-entry hook 
assembly (Figs. 15-17), the body 26b is provided 

45 with an external thread convolution 132 which is 
engaged by an internal thread convolution 134 on 
the end cap 24b. 

In another embodiment of the top-entry hook 
assembly (Figs. 20-22) the end cap 24c is internal 

so to the recess 32c. Linear flanges 74c and 76c on 
the end cap 24c engage linear flanges 68c and 70c 
on the body 26c. A lock nut 1 44 and set screw 60c 
hold the end cap 24c in position relative to the 
body 26c. 

55 In another embodiment of the top-entry hook 

assembly (Figs. 23-26) the end cap 24d is pro- 
vided with an alternative bayonet connector. 
Flanges 68d and 70d disposed on an upper end of 
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the body 26d mate with flanges 74d and 76d 
disposed on the end cap 24d. The flanges 74d and 
76d on the end cap 24d extend into a groove 150 
formed in the body 26d just below the flanges 68d 
and 70d on the body. When the end cap 24d and 
the body 26d are to be interconnected, the end cap 
24d is telescoped over the flanges 68d and 70d on 
the body and rotated to engage flanges 68d and 
70d on the body with the flanges 74d and 76d on 
the end cap. 

It should be clear that in all embodiments the 
recess which receives the rod has the configuration 
shown in Fig. 5 which is described in detail in U.S. 
Patent No. 5,024,213. 

It should be clear from the above that modifica- 
tions and changes may be made to the present 
invention. For example, the connector designs de- 
scribed above could be used on a screw or post to 
attach a rod to the screw or post. In effect, the 
connector designs can be used with parts other 
than the hooks shown in the drawings. It is in- 
tended to cover ail such modifications and changes 
within the scope of the appended claims. 

Claims 

1. An apparatus for use in retaining a longitudi- 
nally extending member in position relative to 
a spinal column, said apparatus comprising a 
body having an open ended recess which ex- 
tends through the body and is open along one 
side to enable the longitudinally extending 
member to be moved into the recess, said 
recess having a side opening, a first end open- 
ing formed in a first side of the body and 
intersecting the side opening, and a second 
end opening formed in a second side of the 
body opposite from the first side and intersect- 
ing the side opening to enable the longitudi- 
nally extending member to be moved into the 
recess through the side opening and to extend 
from the first and second sides of said body 
through the first and second end openings, a 
connector element extending from a side of 
said body opposite from the side opening and 
connectable with the spinal column, an end 
cap movable between a disengaged position 
spaced from said body and an engaged posi- 
tion at least partially enclosing said body and 
extending across the side opening in said 
body, connector means for releasably connect- 
ing said end cap with said body when said end 
cap is in the engaged position, and a clamp 
member disposed at the center of said end 
cap, said clamp member being movable rela- 
tive to said end cap when said end cap is in 
the engaged position to clamp a longitudinally 
extending member disposed in the recess 



against said body. 

2. An apparatus as set forth in claim 1 wherein 
said connector means includes a first retainer 

s surface formed on the outside of said body 

and a second retainer surface formed on the 
inside of said end cap, said first and second 
retainer surfaces being engageable with each 
other to connect said end cap with said body 

io upon movement of said end cap from the 

disengaged position to the engaged position. 

3. An apparatus as set forth in claim 2 wherein 
said first retainer surface is a cam surface 

15 having a linear configuration and has a longitu- 

dinal axis which is skewed at an acute angle to 
a central axis of the longitudinally extending 
member when the longitudinally extending 
member is in the recess. 

20 

4. An apparatus as set forth in claim 2 wherein 
said first retainer surface projects outwardly 
from and extends at least part way around the 
outside of said body. 

25 

5. An apparatus as set forth in claim 2 wherein 
said first retainer surface is an outer thread 
convolution which extends around said body 
and said second retainer surface is an inner 

30 thread convolution which is disposed in said 

end cap. 

6. An apparatus as set forth in claim 1 wherein 
said clamp member is a single set screw 

35 which is rotatable relative to said end cap to 

clamp the longitudinally extending member 
and said body together when the longitudinally 
extending member is in the recess. 

40 7. An apparatus as set forth in claim 1 wherein 
said body includes first and second flanges 
disposed on opposite sides of said side open- 
ing, said end cap including a base, a first 
retainer surface connected with and disposed 

45 adjacent a first side of said base, and a second 

retainer surface connected with and disposed 
adjacent a second side of said base, said first 
flange being engageable with said first retainer 
surface and said second flange being en- 

50 gageable with said second retainer surface. 

8. An apparatus as set forth in claim 7 wherein 
said body includes first and second end sur- 
face areas disposed on said first and second 
55 flanges and located on opposite sides of said 

side opening, said base of said end cap in- 
cluding locating surface areas engageable by 
said first and second end surface areas to 
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locate said first and second flanges on said 
body relative to said end cap. 

9. An apparatus as set forth in claim 1 wherein 
said clamp member applies a force against 
said end cap to hold said end cap against 
movement from the engaged position when the 
longitudinally extending member is clamped in 
the recess in said body. 

10. An apparatus for use in retaining a longitudi- 
nally extending member in position relative to 
a spinal column, said apparatus comprising a 
body having an open ended recess which ex- 
tends through the body and is open along one 
side to enable the longitudinally extending 
member to be moved into the recess, said 
recess having a side opening, a first end open- 
ing formed in a first side of the body and 
intersecting the side opening, and a second 
end opening formed in a second side of the 
body opposite from the first side and intersect- 
ing the side opening to enable the longitudi- 
nally extending member to be moved into the 
recess through the side opening and to extend 
from the first and second sides of said body 
through the first and second end openings, 
said body including first and second flanges 
disposed on opposite sides of said side open- 
ing, a connector element extending from a side 
of said body opposite from the side opening 
and connectable with the spina! column to con- 
nect said body with the spinal column, an end 
cap movable between a disengaged position 
spaced from said body and an engaged posi- 
tion extending across the side opening in said 
body, said end cap including a base, a first 
retainer surface connected with and disposed 
adjacent a first side of said base, and a second 
retainer surface connected with and disposed 
adjacent a second side of said base, said first 
flange being engageable with said first retainer 
surface and said second flange being en- 
gageable with said second retainer surface 
upon rotation of said end cap through less than 
one half of a revolution relative to said body 
from a disengaged position to an engaged 
position to releasably interconnect said end 
cap and said body, and a clamp member 
mounted on said end cap, said clamp member 
being movable relative to said end cap when 
said end cap is in the engaged position to 
clamp a longitudinally extending member dis- 
posed in the recess against said body and to 
press said first and second retainer surfaces 
against said first and second flanges to hold 
said end cap against movement from the en- 
gaged position to a disengaged position. 



11. An apparatus as set forth in claim 10 wherein 
said connector element is a hook which ex- 
tends from a side of said body opposite from 
the side opening and which is engageable with 

5 the spinal column, said hook having a shank 

portion connected with said body and a free 
end portion extending from said shank portion 
in the direction of a plane extending through 
the second side of said body to enable said 

70 hook to engage an element of the spinal col- 

umn when the longitudinally extending mem- 
ber is disposed in the recess. 

12. An apparatus as set forth in claim 10 wherein 
15 said clamp member is a single set screw 

which is rotatable relative to said end cap to 
clamp the longitudinally extending member 
and said body together when the longitudinally 
extending member is in the recess. 

20 

13. An apparatus for use in retaining a longitudi- 
nally extending member in position relative to 
a spinal column, said apparatus comprising a 
body having an open ended recess which ex- 

25 tends through the body and is open along one 

side to enable the longitudinally extending 
member to be moved into the recess, said 
recess having a side opening, a first end open- 
ing formed in a first side of the body and 

30 intersecting the side opening, and a second 

end opening formed in a second side of the 
body opposite from the first side and intersect- 
ing the side opening to enable the longitudi- 
nally extending member to be moved into the 

35 recess through the side opening and to extend 

from the first and second sides of said body 
through the first and second end openings, 
said body including first and second flanges 
disposed on opposite sides of said side open- 

40 ing, a connector element extending from a side 

of said body opposite from the side opening 
and connectable with the spinal column to con- 
nect said body with the spinal column, an end 
cap movable between a disengaged position 

45 spaced from said body and an engaged posi- 

tion at least partially enclosing said body and 
extending across the side opening in said 
body, said end cap including a base, a first 
linear cam surface connected with and dis- 

so posed adjacent a first side of said base, and a 

second linear cam surface connected with and 
disposed adjacent to a second side of said 
base, said first flange being engageable with 
said first cam surface and said second flange 

55 being engageable with said second cam sur- 

face upon movement of said end cap relative 
to said body along a linear path, said first and 
second cam surfaces being disposed in a 
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plane which is skewed at an acute angle to a 
central axis of the recess and which extends 
through the first and second end openings of 
the recess to enable said first and second cam 
surfaces to move said end cap toward the 
central axis of the recess upon movement of 
said end cap along the linear path, and a 
clamp member mounted on said end cap, said 
clamp member being movable relative to said 
end cap when said end cap is in the engaged 
position to clamp a longitudinally extending 
member disposed in the recess against said 
body and to press said first and second cam 
surfaces against said first and second flanges 
to hold said end cap against movement from 
the engaged position to a disengaged position. 

14. An apparatus as set forth in claim 13 wherein 
said connector element is a hook which ex- 
tends from a side of said body opposite from 
the side opening and which is engageable with 
the spinal column, said hook having a shank 
portion connected with said body and a free 
end portion extending from said shank portion 
in the direction of a plane extending through 
the second side of said body to enable said 
hook to engage an element of the spinal col- 
umn when the longitudinally extending mem- 
ber is disposed in the recess. 

15. An apparatus as set forth in claim 13 wherein 
said clamp member is a single set screw 
which is rotatable relative to said end cap to 
clamp the longitudinally extending member 
and said body together when the longitudinally 
extending member is in the recess. 

16. An apparatus for use in retaining a longitudi- 
nally extending member in position relative to 
a spinal column, said apparatus comprising a 
body having an open ended recess which ex- 
tends through the body and is open along one 
side to enable the longitudinally extending 
member to be moved into the recess, said 
recess having a side opening, a first end open- 
ing formed in a first side of the body and 
intersecting the side opening, and a second 
end opening formed in a second side of the 
body opposite from the first side and intersect- 
ing the side opening to enable the longitudi- 
nally extending member to be moved into the 
recess through the side opening and to extend 
from the first and second sides of said body 
through the first and second end openings, 
said body including an external thread con- 
volution extending around the outside of said 
body, a connector element extending from a 
side of said body opposite from the side open- 



ing and connectable with the spinal column to 
connect said body with the spinal column, an 
end cap movable between a disengaged posi- 
tion spaced from said body and an engaged 

s position at least partially enclosing said body 

and extending across the side opening in said 
body, said end cap including an internal thread 
convolution, said internal thread convolution 
being engageable with said external thread 

io convolution upon rotation of said end cap rela- 

tive to said body from a disengaged position to 
an engaged position to releasably interconnect 
with said end cap and said body, and a clamp 
member mounted on said end cap, said clamp 

75 member being movable relative to said end 

cap when said end cap is in the engaged 
position to clamp a longitudinally extending 
member disposed in the recess against said 
body and to press said internal thread convolu- 

20 tion against said external thread convolution to 

hold said end cap against movement from the 
engaged position to a disengaged position. 

17. An apparatus as set forth in claim 16 wherein 
25 said connector element is a hook which ex- 
tends from a side of said body opposite from 
the side opening and which is engageable with 
the spinal column, said hook having a shank 
portion connected with said body and a free 

30 end portion extending from said shank portion 

in the direction of a plane extending through 
the second side of said body to enable said 
hook to engage an element of the spina! col- 
umn when the longitudinally extending mem- 

35 ber is disposed in the recess. 

18. An apparatus as set forth in claim 16 wherein 
said clamp member is a single set screw 
which is rotatable relative to said end cap to 

40 clamp the longitudinally extending member 

and said body together when the longitudinally 
extending member is in the recess. 

19. An apparatus for use in retaining a longitudi- 
45 nally extending member in position relative to 

a spinal column, said apparatus comprising a 
body having an open ended recess which ex- 
tends through the body and a side opening 
along one side to enable the longitudinally 

so extending member to be moved into the re- 

cess from the one side, a connector element 
extending from a side of said body and con- 
nectable with the spinal column to connect 
said body with the spinal column, an end cap 

55 for extending across the side opening in said 

body, said end cap and said body having a 
bayonet connection including first and second 
flanges on said body and first and second 
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retainer surfaces on said end cap, said first 
flange being engageable with said first retainer 
surface and said second flange being en- 
gageable with said second retainer surface 
upon rotation of said end cap relative to said 5 
body to releasably interconnect said end cap 
and said body. 
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